The alkaloid content of Adenostyles alliariae and A. glabra (Asteraceae) has been evaluated. Both species contain toxic macrocyclic unsaturated pyrrolizidine alkaloids with seneciphylline as the main compound accounting for more than 90% of the alkaloid fraction in all above ground plant parts. Further alkaloids were spartioidine, acetyl-senciphylline and senecionine. Inflorescences showed the highest alkaloid contents with 21.1 and 13.4 mg/g in A. alliariae and A. glabra, respectively. Stems and leaves had 2-3 times lower contents. Therefore, these Adenostyles species must be considered as highly toxic plants.
Adenostyles alliariae (GOUAN) A. KERN and A. glabra (MILLER) DC (Asteraceae, Senecioneae) are tall herbs occurring in mountainous regions of Central Europe. A. alliariae with auriculate and irregularly dentated leaves grows preferentially in terrains along with other tall herbs, whereas A. glabra has regularly dentated leaves and prefers ground of lime stone debris [1] . Although the presence of toxic pyrrolizidine alkaloids in Adenostyles species was reported more than two decades ago [2] , this plant is nowadays not listed in common books on poisonous plants. These alkaloids are hepatotoxic and bear a mutagenic and carcinogenic potency [3] [4] [5] . Toxicity to farm animals has not yet been reported, but human intoxications are known as a result of consumption of herbal teas where the leaves of A. alliariae have been confused with leaves of Tussilago farfara and/or Petasites hybridus [6] . Therefore the content of pyrrolizidine alkaloids in Adenostyles has been assessed anew considering the different above ground plant organs as the alkaloid content may greatly vary within the plant [4, 7, 8] .
Five macrocyclic, unsaturated pyrrolizidine alkaloids could be identified (Table 1) . Seneciphylline was the main alkaloid in both species accounting for more than 90% of the alkaloid fraction in all plant parts. This was followed by spartioidine, which was also present in all samples. Seneciphylline and spartioidine are Z-and E-isomers in a side chain of the macrocycle, respectively. Additionally, A. alliariae contained acetyl-seneciphylline. All samples contained also senecionine, but this alkaloid amounted for less than 2% of the alkaloid fraction. Stems and inflorescences of A. alliariae contained also small amounts of senecivernine, representing less than 0.1% of the alkaloid fraction. This alkaloid had not been reported previously in an Adenostyles species.
Within the plant, the inflorescences were highest in alkaloids, the contents recorded being 13.4 mg/g and 21.1 mg/g in A. glabra and A. alliariae, respectively, and were, therefore, 2-3 times higher than those in the respective leaves and stalks. Similarly in Senecio species the flower capitules showed the highest pyrrolizidine alkaloid contents within the plant [7, 8] . Inflorescences and leaves of A. glabra were higher in PAs than the comparable parts of A. adenostyles.
A first survey of pyrrolizidine alkaloids in Adenostyles species gave 2.4% total alkaloids in the herb of A. glabra from Styria, Austria, and 1.9% in A. alliariae from the Schwarzwald, Baden-Würtenberg, Germany [2] . In these plants also seneciphylline was the main alkaloid amounting to 96% and 87% of the alkaloid fraction, respectively Stuppner and Griesser quantified seneciphylline, seneciphylline N-oxide and an unknown PA in A. alliariae and A. glabra by capillary electrophoresis. They found 0.4-2.3% total alkaloids in the dried leaves and 1.1-3.8% in the inflorescences, with seneciphylline-N-oxide as the prevailing compound. In the rhizomes even higher contents, up to 9%, could be recorded [9] .
A. alliariae and A. glabra from four different populations collected in Switzerland and further grown in an experimental garden had 80-85% and 71-95% seneciphylline in their alkaloid fraction of the leaves, respectively. The seneciphylline contents were 27-47 mg/g and 0.7-6.4 mg/g, respectively [10] . In contrast to the present results, in this report A. alliariae had higher alkaloid contents than A. glabra and acetyl-seneciphylline was only found in A. alliariae [10] .
All five detected PAs are toxic and bear the structural prerequisites needed to be converted into toxins by cellular cytochrome P450 enzymes. These are: (i) 1,2-double bond, (ii) an esterified allylic hydroxyl group at C-9, and (iii) a second esterified alcoholic hydroxyl group at C-7 [3] . Senecionine and seneciphylline are amongst others major alkaloids in the amply investigated toxic plant Jacobaea vulgaris (syn. Senecio jacobaea). In this species vegetative parts contained 500-1500 mg/kg PA, while in flowers more than 5000 mg/kg could be observed [4] . Leaves from various North American origins of J. vulgaris were somewhat higher in total PA and varied from 2500 to 4100 mg/kg [11] .
In conclusion, both Adenostyles species may display 5 -20 mg/g DW (0.5 -2%) total alkaloids in their above ground parts composed of comparable toxic PAs as present in well documented toxic Senecio/Jacobaea species. Adenostyles species must therefore be considered as highly toxic plants. The plants were flowering. In each case, 10-12 plants were taken together and separated into leaf, stem and inflorescence samples. The plant material was dried in a room under ambient conditions. The "Exkursionsflora für Österreich, Liechtenstein und Südtirol" [1] was used for identifying the plants. Voucher specimens were deposited in the Herbarium of the University of Vienna (WU-Generale, http:\\herbarium.univie.ac.at).
Alkaloid extraction:
About 200 mg of the finely powdered plant material was extracted with 25 mL methanol: HCl (0.1 N) (30:70) for 1 h in an ultrasonic bath at room temperature. Eight mL of the resulting extract was reduced under continuous stirring overnight with Zn dust. Then 1.6 mL NH 3 (12.5%) and 3 mL CH 2 Cl 2 were added and vigorously shaken for 5 min. After the separation of the 2 phases, an aliquot of the CH 2 Cl 2 layer was taken and reduced to dryness. Finally this fraction was made up in 200 µL in methanol containing caffeine (0.25 mg/mL) as internal standard and subjected to GC/MS analysis.
Gas chromatography/mass spectrometry:
The analysis was carried out using a HP 6890 GC equipped with a 5972 quadrupole mass selective detector (MSD) (Agilent Technologies) and a 30 m x 0.25 mm fused silica column coated with 0.25 µm HP5-MS. The analytical conditions were: carrier gas He 1.3 mL/min constant flow; injector temperature 275°C, split ratio 8:1, temperature program: heating from 80°C to 180°C at 8°C/min, then at 4°C/min up to 280°C and held for 10 min at 280°C. The injection volume was 1 µL. The transfer line to the MS was set at 280°C and the detector at 170°C. The masses were scanned from m/z 40-450. The identity of the alkaloids was established according to their mass spectra and retention indices [12] [13] [14] [15] .
For quantitative analysis, the MSD was operated in the single ion monitoring (SIM) mode recording the mass fragments 109 and 194 for caffeine and 93, 120 and 136 for the alkaloids. A calibration graph was constructed by analysing 7 concentrations (0.025 to 0.45 mg/mL) of senecionine (Roth, Karlsruhe), prepared from a stock solution of 0.45 mg/mL that were injected three times into the GC/MS system. As the macrocyclic pyrrolizidine alkaloids present in Adenostyles show similar mass spectra, the calibration graph constructed with senecionine was taken to calculate the concentrations of all alkaloids using the total ion current from the monitored mass fragments.
